Background-The use of alemtuzumab (humanized anti-CD52 monoclonal antibody) has been primarily studied in renal transplantation, and the experience of alemtuzumab induction in pancreas transplantation is still limited. The objective of this study is to analyze the outcome of pancreas transplantation by using a single dose of 30 mg alemtuzumab induction with steroid-free maintenance immunosuppression.
Conclusion-A single dose of 30 mg alemtuzumab induction with steroid-free maintenance immunosuppression achieved excellent mid-term patient and graft survival for pancreas transplantation with acceptable complication rate.
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Alemtuzumab is a humanized anti-CD52 monoclonal antibody that is aimed for treatment of chronic lymphocytic leukemia and has now been increasingly used in organ transplantation (1) . CD52 is a glycoprotein expressed on approximately 95% of peripheral blood lymphocytes, natural killer cells, monocytes, macrophages, and thymocytes; therefore, almost all mononuclear cells are affected (2) . There does not seem to be any effect on plasma cells and similar to other induction agents, alemtuzumab seems to spare memory type cells (3) . After binding to its target, alemtuzumab causes cell death through several mechanisms including complement-mediated cytolysis, antibody-mediated cytotoxicity, and apoptosis. Although the plasma elimination half-life of alemtuzumab is approximately 12 days, its clinical effects are far more persistent (1, 4) . Lymphocyte depletion of more than 99% can be seen after a single dose with varying rates of cellular recovery depending on the subpopulation of interest (5) . The first reports of renal transplantation recipients treated with alemtuzumab induction with low dose cyclosporine monotherapy were described by Calne et al. (6, 7) . Subsequently, alemtuzumab has increased in popularity as an induction immunosuppression for organ transplantation (1, (8) (9) (10) (11) . Alemtuzumab induction has demonstrated its ability of low-dose maintenance immunosuppression without steroid with acceptable risk of early rejection or calcineurin inhibitor and steroid free (12, 13) . The majority of the clinical experience with alemtuzumab has been primarily with renal transplantation, and the experience of alemtuzumab induction for pancreas transplantation is still limited. In this report, we describe our experience with a single dose of 30 mg alemtuzumab induction with steroid-free maintenance immunosuppression in pancreas transplantation.
RESULTS
Patient and Graft Survival
One-year actuarial patient/pancreas graft survival was 100%/100% in simultaneous kidneypancreas transplantation (SPK), pancreas after kidney transplantation (PAK), and pancreas transplant alone (PTA). Three-year actuarial patient/pancreas graft survival rates of SPK, PAK, and PTA were 100%/100%, 100%/100%, and 100%/83%, respectively. One-and 3-year kidney graft survival rates were 100% and 100%, respectively. Only one patient lost pancreas graft due to posttransplant insulin resistance (C-peptide level 5.3 ng/mL).
Graft Function
Figure 1(A) shows that the glucose levels were well maintained during the study period. One and 3 years posttransplant, C-peptide level was 2.6±1.4 ng/mL and 3.5±1.2 ng/mL, respectively. Figure 1(B) shows that posttransplant hemoglobin A1C levels also were maintained below 6% during the study period. Figure 1(C) shows that serum creatinine levels in SPK patients were stable during the study period. Creatinine levels at 1 and 3 years posttransplant were 1.51±0.77 mg/dL and 1.22±0.33 mg/dL, respectively. Figure 1 (D,E) shows absolute lymphocyte count and WBC count, respectively. Six patients (21%) required filgrastim (granulocyte colony stimulating factor [G-CSF]) injection for neutropenia. Absolute lymphocyte counts were remarkably decreased at 1 month posttransplant with 0.21±0.07 k/µL, but they gradually increased over the study period (Fig.  1D ). Absolute lymphocyte counts were significantly lower than pretransplant levels for 1 year posttransplant (P<0.01) (Fig. 1D) . WBC counts were also lower than pretransplant level for the entire study period (Fig. 1E ). Tacrolimus trough level is shown in Figure 1(F) . The level was maintained above 10 ng/mL for the first 3 months. Thereafter, the level gradually decreased to 7.5±2.7 ng/mL and 7.4±1.8 ng/mL at 2 and 3 years posttransplant, respectively.
Lymphocyte Depletion and Tacrolimus Trough Level
Acute Cellular Rejection, Antibody-Mediated Rejection, Posttransplant Anti-Human Leukocyte Antigen Antibodies, and Donor-Specific Antibody Acute cellular rejection occurred in 12 patients (11 pancreas graft and 7 kidney grafts) (42%) among 28 patients, and of these 12 patients, 8 required antibody treatment (Table 1) . Most rejection episodes occurred approximately 1 or 6 months posttransplant, and median time to the first episode of rejection was 87 days (Fig. 2) . Six of 12 patients who had acute rejection experienced multiple episodes of rejection. Two patients (7%) experienced antibody-mediated rejection. None of the patients had anti-human leukocyte antigen (HLA) antibody at the time of transplant. Final crossmatch was negative in all patients (complement-dependent cytotoxicity crossmatch, n = 13; T-and B-cell flow cytometry crossmatch, n = 15). During posttransplant monitoring, posttransplant panel reactive antibody was maintained at 0% in most patients except in four patients (3 donor-specific antibody [DSA] and 1 non-DSA). One patient developed DSA (anti-DQ5) at 8 months posttransplant (non-adherent with medications), and persisted despite treatments including plasma exchange. The other three patients developed anti-HLA antibodies transiently at 1 to 20 months posttransplant, but disappeared with or without intervention.
Infectious Complication
Eight patients had cytomegalovirus (CMV) infection and one patient had BK nephropathy (Table 1) . Bacterial and fungal infections were diagnosed as follows: five urinary tract infections, four bacteremia, three intestinal infections, and one pneumonia. A total 10 patients (36%) experienced at least one infection during this study period. Median days to the first infection were 30 days. Most of the infectious complications were not severe except for two patients: one patient required ICU care and one patient required surgical intervention. None of the patients manifested posttransplant lymphoproliferative disorder.
DISCUSSION
There are several retrospective studies published on alemtuzumab induction on pancreas transplantation. Gruessner et al. (12) reported a nonrandomized study of 75 pancreas-kidney and solitary pancreas transplants. They received four doses of induction (30 mg administered intravenously [IV] each dose) and up to 12 doses within the first year with mycophenolate mofetil (MMF) monotherapy (2 g≥day). In their study, graft and patient survivals were not statistically different from historical control group of thymoglobulin induction with tacrolimus maintenance. However, the incidence of rejection was significantly higher in alemtuzumab with MMF monotherapy group. Kaufman et al. (10) reported alemtuzumab induction with a steroid-free protocol in simultaneous pancreas and kidney transplantation compared with thymoglobulin induction. They observed no difference in 1-and 3-year actuarial patient, pancreas or renal graft survival or function between the two groups. There is only one randomized trial report published of alemtuzumab versus thymoglobulin induction for renal and pancreas transplantation (14) . In their study, alemtuzumab induction achieved similar graft survival thymoglobulin induction and less biopsy-proven acute rejection.
Corticosteroid avoidance protocol is gaining acceptance in the field of renal transplantation because of favorable long-term safety and efficacy outcome (13, 15, 16) . There are limited data on the long-term outcome of steroid avoidance protocol for pancreas transplantation. Clinical monitoring of pancreas allograft status has proven to be difficult. Monitoring of serum amylase and lipase (or urinary amylase in bladder-drained pancreas allografts) is used, but these markers of pancreatic acinar injury and inflammation are inadequately sensitive and specific (17, 18) . In addition, historically, pancreas allograft biopsies have been avoided because of technical difficulty and risks of complications such as bleeding and leakage of exocrine secretions (19) . These difficulties of monitoring rejection may result in hesitance of steroid avoidance protocol for pancreas transplantation. Including our study, six studies of alemtuzumab induction with steroid-free protocol for pancreas transplants have been reported so far ( Table 2 ). The graft survival of alemtuzumab induction with steroidfree protocol was similar with thymoglobulin or basiliximab induction steroid maintenance groups and rejection rate was reported 8% to 41% during the study period ( Table 2 ). The number of doses of alemtuzumab used for induction varied from 1 to 4 doses in those reports. In this study, we used a single 30 mg dose of alemtuzumab. Most of the reports concluded that there was no difference in infectious rate compared with the other induction agents, but several studies showed higher infectious complication in alemtuzumab induction group (20, 21) . Indeed, Magliocca et al. (20) altered their induction protocol to a single 30 mg dose of alemtuzumab instead of two doses due to a higher incidence of CMV infection. In this study, we also experienced 41% of CMV infection in SPK patients. CMV infections have been linked to increased risk of new onset posttransplantation diabetes (22) . It is important to follow these patients in the long term.
Furthermore, in this study, the total absolute lymphocyte count gradually increased after 1 month; however, it still remained below preoperative level for the first year posttransplant. We also have experienced neutropenia in as many as 21% of patients who required G-CSF injection. Neutropenia is a common complication after organ transplantation and Hartmann et al. (23) reported that leukopenia was significantly related to alemtuzumab induction with steroid-free protocol in kidney and pancreas transplantation compared with anti-thymocyte globulin induction.
Neutropenic patients seem to experience more bacterial or CMV infection compared with non-neutropenic counterparts (24) . Recent analysis of United States Renal Data System also showed neutropenia was increased risk of allgraft loss and death after kidney transplantation (25) . In this study, we used G-CSF in addition to reduction or temporal discontinuation of MMF or valganciclovir, because G-CSF seems to accelerate recovery of neutropenia and does not increase risk of graft loss or rejection (24) (25) (26) . Considering higher rate of infection and neutropenia, we conclude that a single 30 mg dose of alemtuzumab should be sufficient dose for pancreas or simultaneous pancreas-kidney transplantation.
In this study, excellent 3-year patient and pancreas graft survival (100% and 96%) was achieved compared with the US national average of 3-year pancreas graft survival (79% in SPK, 60% in PTA, 65% in PAK) (27) . Glucose control and C-peptide level were also well maintained. Furthermore, posttransplant panel reactive antibody (anti-HLA antibodies for class I and II) remained at 0% in 24 of 28 patients, although three patients of 28 patients developed DSA (one patient was noncompliant with medication). Our data show that alemtuzumab induction with steroid-free maintenance suppressed posttransplant antibody production. Our data are supported by a recent publication concluding that the cumulative incidence of antibody-mediated rejection was not different between alemtuzumab and basiliximab induction for simultaneous pancreas-kidney transplantation (14.4% vs. 18% in 2 years, respectively) (28).
A recent publication based on UNOS registry showed that alemtuzumab is more effective at preventing acute rejection during the initial hospitalization, but this benefit disappears by 6 months posttransplantation in deceased donor kidney transplantation (29) . In this study, half of rejection episodes occurred approximately 1 month posttransplantation, and the other half of the rejection episodes developed approximately 6 months posttransplantation (Fig. 2) . These results and the recent UNOS registry data for deceased donor kidney transplant using alemtuzumab suggest that maintenance immunosuppression plays an important role in preventing rejection after 6 months posttransplantation in patients who received alemtuzumab induction (29) . Table 2 is a summary of current publications about alemtuzumab induction for simultaneous pancreas-kidney transplantation and pancreas transplantation. All protocol showed satisfactory patient and graft survival, rejection rate, and infection rate. Five protocols were steroid-free maintenance immunosuppression and two protocols were a single dose of alemtuzumab with steroid-free maintenance immunosuppression. The rejection rate varies from 8% to 41%, whereas we experienced more than 40% acute cellular rejection. It is not clear why we had more rejection episodes compared with the other studies; one possible explanation is that we had a low threshold of routinely performing biopsies whenever creatinine or pancreatic enzymes were elevated. Needless to say, it is important to closely follow-up in the long term because acute rejection has impact on graft survival (30) . Interestingly, PAK group experienced few incidence of rejection compared with SPK or PTA groups. The immune status of PAK groups may be prepared for pancreas transplantation because these patients have already been immunosuppressed for kidney transplantation.
We recognize that there are limitations to this study due to lack of the control groups because we exclusively used alemtuzumab for the study period. However, we experienced an excellent graft survival with alemtuzumab induction comparing with the US national average (27) .
In summary, alemtuzumab is a reasonable induction strategy for pancreas transplantation with short-and medium-term graft and patient survival comparable with that seen with other induction agents. The optimal dose and ideal combination of maintenance immunosuppression strategies using alemtuzumab have not been determined. However, our results of a single dose of 30 mg alemtuzumab induction with steroid-free maintenance immunosuppression achieved excellent mid-term patient and graft survival for simultaneous pancreas-kidney transplantation and pancreas transplantation. This is an uncontrolled study in a relatively small sized patient group with medium-term follow-up, a long-term follow-up is necessary in a larger controlled population.
MATERIALS AND METHODS
This study included all patients who underwent pancreas transplantation, as in SPK, PAK, or PTA between November 2006 and April 2010. A total of 28 patients (17 SPK, 5 PAK, and 6 PTA) were included at the Penn State Milton S. Hershey Medical Center during this period. Recipient and donor demographics are shown in Table 3 . The median follow-up period was 25 months (range, 8-49 months). All pancreas grafts were implanted intraperitoneally with enteric exocrine drainage and systemic venous drainage. Kidney and pancreas grafts in SPK were implanted in the same side as described previously (31) . Pancreas graft failure was defined as requirement of exogenous insulin (10, 32) , and kidney graft failure was defined as requirement of regular dialysis. Patient and donor data were obtained from the medical center transplant database. This study was approved by the Pennsylvania State University, College of Medicine Institutional Review Board (No. 34420).
Immunosuppression
All patients received 1000 mg of methylprednisolone IV perioperatively as premedication for alemtuzumab induction. One dose of alemtuzumab 30 mg IV (Campath-1H) was administered over 2 hr at 1 hr after methylprednisolone. Maintenance immunosuppression consisted of tacrolimus and MMF 1 g/d. No steroids were given routinely after the transplantation. Target trough level of tacrolimus was between 10 and 12 ng/mL for the first year of transplant and between 8 and 10 ng/mL thereafter.
Infection Prophylaxis
Antibiotic prophylaxis consisted of trimethoprim/sulfamathoxasole (1 year) and nystatin (3 months). Valganciclovir prophylaxis (450 mg orally daily) was maintained for 6 months. Quantitative CMV polymerase chain reaction was performed weekly for the first 3 months, and monthly thereafter. For SPK patients, quantitative BK virus polymerase chain reaction in recipient serum was also measured weekly for the first 3 months, and monthly thereafter.
HLA Typing and Antibody Assays
All patients were typed for HLA-A, B, Cw, DR, and DQ by serologically and sequencespecific primer methods. Pretransplant serum was tested by complement-dependent cytotoxicity crossmatch or T-and B-cell flow cytometric crossmatch (three-color assay) (33) . HLA antibody was screened by LABScreen panel reactive antibody (One Lambda, CA) in pre-and posttransplant serum samples. Antibody specificity was identified by LABScreen Single Antigen (One Lambda). DSA was evaluated using mean fluorescence intensity of LABScreen beads corresponding to donor HLA antigens.
Rejection and Treatment
Postoperative serum amylase and lipase were routinely monitored. Elevation of these pancreatic enzymes, usually twice the baseline, underwent an ultrasound-guided pancreas biopsy. For SPK patients, a 20% increase in serum creatinine above baseline prompted a renal biopsy. Pancreas allograft biopsies were evaluated by Banff scheme (34) , and renal allograft biopsies were evaluated by routine histology, and immunofluorescence using guidelines provided by the Banff '97 schema of renal allograft pathology (35) (36) (37) . BK nephropathy was diagnosed by positive viral inclusion bodies staining for SV40 on immunohistochemistry. Mild acute rejection (grade I) of pancreas allografts was treated with steroid bolus and moderate and severe rejection (grade II and III) and steroid-resistant rejection were treated with thymoglobulin 6-9 mg/kg over 4 to 6 days. The patients who required thymoglobulin for rejection remained on maintenance steroid for 3 to 6 months after treatment. Borderline, 1A and 1B acute rejections of kidney allografts were treated with steroid bolus. Acute rejection 2A, 2B, and steroid resistance rejection were treated with thymoglobulin 6 to 9 mg/kg over 4 to 6 days with maintenance steroid for 3 to 6 months posttreatment. The starting dose of 20 mg prednisone was used for maintenance steroid and weaned off over 3 to 6 months. Patients with antibody-mediated rejection received five doses of plasmapheresis followed by a dose of 2 g/kg of intravenous immunoglobulin and 375 mg/m 2 of body surface area with rituximab.
Statistical Analysis
The data are presented as mean±SD. Comparisons of continuous variables between two groups were made using Student's t test. Absolute lymphocyte count and WBC count at each time point (1, 2, 3, and 6 months; 1, 2, and 3 years) were compared with mean pretransplant value. Significance level was set at 0.05. Actuarial incidence of biopsy-proven rejection. SPK, simultaneous kidney-pancreas transplantation; PAK, pancreas after kidney transplantation; PTA, pancreas transplant alone. 
